activity of TRPV1 is regulated by a number of mechanisms, including the binding of nucleotides and the local concentration of phospholipids. We have consequently expanded this study to investigate whether these other factors known to regulate channel activity can also modulate ionic selectivity. Whole-cell voltage-clamp recordings were taken from HEK293 cells stably expressing the wild-type rat TRPV1 channel, and capsaicin-evoked changes in NMDG permeability were monitored in the presence of intracellular ATP, or following the acute production or depletion of phosphatidylinositol 4,5-bisphosphate (PIP2) at the plasma membrane. Neither the inclusion of ATP in the patch pipette nor an acute alteration in PIP2 levels resulted in a change to the increase in NMDG permeability evoked by micromolar concentrations of capsaicin. ATP did however induce changes in ionic selectivity at nanomolar concentrations of agonist, shifting the dose-response curve to the left, in a manner similar to that previously reported for PKC-mediated phosphorylation. With repeated agonist application, changes in NMDG permeability exhibit tachyphylaxis. Preliminary data suggest that increasing PIP2 levels in the vicinity of TRPV1 may inhibit this tachyphylaxis. Thus, dynamic ionic selectivity in TRPV1 can be differentially regulated by a number of intracellular factors.
583-Pos Board B383
Structural Comparison of Ankyrin Repeat Domain of TRPV Channels Hitoshi Inada, Rachelle Gaudet. Transient receptor potential (TRP) channels are tetrameric cation channels involved with sensing of various stimuli from internal and external environments. Six TRPV proteins, TRPV1-6, constitute the vanilloid subfamily of the TRP channel superfamily. TRPV proteins contain six transmembrane segments flanked by two cytoplasmic domains; a large N-terminal domain containing ankyrin repeats and a short C-terminal domain. The N-terminal ankyrin repeat domain (ARD) binds to small molecules and proteins. For example, ATP and calmodulin (CaM) can bind to the ARD and regulate the channel activity of TRPV1, TRPV3 and TRPV4 but not TRPV2, TRPV5, and TRPV6. To date, several structures of TRPV-ARDs have been reported. TRP-ARD structure contains six ankyrin repeats (ANK1 -ANK6) joined with loops (Fingers 1 -5). To obtain insight into regulatory mechanisms mediated by ATP and CaM binding, structures of the TRPV-ARDs are compared. Structures available include published and unpublished structures of ARDs in the absence or presence of regulatory ligands, as well as structures of ARDs that do not bind these regulatory ligands. Structural comparison showed that Finger 3 in ARD has a large variation in TRPV-ARD structures. Finger 3 is twisted and shrunken in the ATP-bound form of TRPV4-ARD, while it is extended in ATP-free forms of TRPV4-ARD. Finger 3 structures of ATP-bound ARDs (TRPV1 and TRPV4) are similar to those of ARDs that do not bind ATP (TRPV2 and TRPV6). Conserved aromatic residues on Finger 2 might contribute to ATP binding. Interestingly, most mutations causing human genetic diseases in human TRPV4-ARD are located away from ATP binding site, suggesting that additional regulatory interactions and mechanisms exist.
584-Pos Board B384
Spatiotemporal Behavior of TRPV1 Channels in the Plasma Membrane Eric Senning, Sharona E. Gordon. The transient receptor potential vanilloid (TRPV) family of ion channels represents a group of non-selective cation channels remarkable for their diversity of function in nociception, thermosensation, mechanosensation and osmosensation. At present the bulk of our understanding of these channels comprises how their function is directly regulated by agonists and local environment. We and others have previously shown that TRPV1 channels can be regulated by trafficking. A number of important questions remain. How do the insertion and removal rates of TRPV1 as well as the distribution of the channel over the plasma membrane allow the cell to regulate the action of this channel? Is active transport of TRPV1 an aspect of this spatial regulation? We have addressed these questions by applying total internal reflection fluorescence (TIRF) imaging to TRPV1 channels tagged with a fluorescent protein. With TIRF imaging it becomes possible to discern small clusters of TRPV1 when the channel is expressed at low levels in cultured F-11 cells, and we implement this approach to address mechanisms of TRPV1 control in cells. Funding provided through the University of Washington training grant in Cardiovascular Pathology (NIH). We have cloned and characterized the guinea pig (Cavia porcellus) TRPA1 ion channel and compared the effects of the tool TRP channel blocker molecule, Ruthenium Red (RuR), on the guinea pig with several other mammalian TRPA1 constructs, all heterologously expressed in CHO cells. Using a platebased Caþ2 detection assay, human, mouse, rat and guinea pig TRPA1 responded to the TRPA1 agonists thymol and cinnamaldehyde with nearly indistinguishable potency and efficacy. We then tested the ability of RuR to block the agonist-induced changes in [Caþ2]internal and found that RuR efficaciously blocked agonist responses of human, mouse and rat clones over predicted ranges comparable to published studies, while the guinea pig ortholog was comparatively refractory to block by RuR, a phenomenon we confirmed using plate-based electrophysiology. An amino acid sequence comparison of S5-S6 regions, containing the putative site(s) of action of RuR, revealed that the guinea pig channel contained three non-conservative residue substitutions that distinguished it from the other TRPA1 clones. We singly mutated these residues to their human counterparts and also generated double and triple guinea pig mutants. Electrophysiological characterization of the mutant TRPA1 channels revealed that block by RuR was left-shifted toward its human TRPA1 potency without shifting responses to agonists or the structurally-unrelated small molecule blocker A-967079. In summary, our results provide the first molecular evidence for distinct mechanisms of action of multiple TRPA1 blockers and add to the growing body of literature highlighting marked species differences between TRPA1 orthologs.
585-Pos
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Screening Spider Toxin Libraries for TRP Channel Inhibitors Junhong Gui, Yufeng Zhou, Sven-Eric Jordt, Michael N. Nitabach. Pain caused by activation of pain-sensing peripheral neurons (''nociceptors'') is a major source of human suffering and economic loss. A variety of stimulusand voltage-gated ion channels in peripheral nociceptors play essential roles in the transduction and transmission of normal and pathological pain signals in human patients, and thus are important targets for pharmacological intervention. Around one hundred inhibitory cystine knot (ICK) peptide toxins were selected from a database of published and unpublished spider toxins. The tethered-toxin (''t-toxin'') method for the heterologous expression of ICK ion channel toxins in membrane tethered form directly in a channel-expressing target cell was applied. Pools of cRNA of t-toxins (~6 per pool) were co-expressed with ion channels in Xenopus oocytes and the currents were measured by twoelectrode voltage clamp 2-4 days after injection. One pool was found to causẽ 50 % suppression of the TRPA1 current induced by 100 mM mustard oil, and subscreening of this pool revealed a single t-toxin responsible for this effect. When co-expressed with TRPV1, this t-toxin suppressed the inward current induced by 20 mM capsaicin~80%. The effect of this t-toxin on other ion channels was also investigated. It completely blocked depolarization-activated inward currents of Para, a Drosophila voltage-gated sodium channel. When co-expressed with Nav1.2, it reduced peak currents by 60%. Interestingly, however, it did not affect currents flowing through Kir4.1, an inwardly rectifying potassium channel. These results suggest that this relatively promiscuous toxin acts on a structural feature common to ion channels with six transmembrane domains (Trp channels and voltage-gated channels), but lacking in those that only possess the two pore-spanning transmembrane domains (inward rectifier).
587-Pos Board B387 Molecular Determinants of TRPV1 Stimulation by Mustard Oil
Maarten Gees, Wouter Everaerts, Aurelia Apetrei, Annelies Janssens, Bernd Nilius, Thomas Voets, Karel Talavera. Mustard oil (MO, allyl isothiocyanate) is a highly electrophylic compound known to produce irritation, inflammation and pain. As such, it is used frequently in research and its effects were initially thought to be solely mediated by activation of the cation channel TRPA1. In contrast to this view, we have recently shown that MO also acts as an agonist of the capsaicin and heat receptor TRPV1, but the underlying molecular mechanisms remain unknown. We have found that MO effects on TRPV1 were rapidly reversible upon washout and were not significantly altered by the mutation of the residue C155, a residue which is essential for the action of the electrophile allicin. Hence, MO action on TRPV1 seems not to be mediated by long lasting covalent modification of cysteine residues. Notably, MO seems to act in a similar way as capsaicin, causing a shift of the voltage dependence of channel activation to more negative potentials. We therefore tested MO effects on TRPV1 mutants known to alter the sensitivity to capsaicin. We found that the substitution S512Y in the putative transmembrane domain 3 significantly reduces the ability of MO to induce stimulation and to shift of the voltage dependence of channel activation. In addition, we found that, similar to capsaicin, MO cross sensitize with other TRPV1 stimulators such as heat and extracellular protons. The molecular determinants of these interactions may help to understand the mechanisms of action of MO in real conditions (physiological temperatures and acidosis), as well as the mechanisms of MO-induced hyperalgesia to heat application.
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